We have determined the nucleotide sequence of a complete yeast Ty element (Ty-pY109) which is located near a tRNA(Lysl) gene. The element is 5912 bp in length; the internal domain is flanked by two identical delta sequences of 331 bp. Ty-pY109 contains two large open reading frames (ORFs) which overlap by 38 bp; the putative proteins consist of 440 and 1328 amino acid residues, respectively. The organisation of the coding sequences in Ty resembles that found in retroviral proviruses and the copia-like elements in Drosophila. Partial homologies have been found between Ty-ORFl and tnpA from Tn3, and Ty-ORF2 and a reverse transcriptase-like domain (1,2).
INTRODUCTION
The yeast transposable element, Ty, shares a number of characteristics with a class of eukaryotic dispersed, repetitive and mobile genetic elements (3) that include several transposable elements in Drosophila (4) and the retroviral proviruses (5) , and resemble, in their general structure, bacterial transposons (6) . These elements are a few kilobases (kb) in length; they are flanked either by direct or inverted terminal repeats, and they generate short duplications in the target DNA as a consequence of integration (e.g.7-9). They are capable of mediating recombinatory and gene conversion events thereby creating chromosomal deletions, duplications, inversions, and reciprocal translocations (10) . An important feature of these elements is that they can modulate the expression of neighbouring genes (e.g. 5,10).
Most of the Ty elements isolated to date are 5.9 kb in length; they have long terminal direct repeats, so called delta sequences, of 330 to 340 basepairs (bp); upon transposition they generate 5 bp direct repeats of target DNA (9, 11) . There are some 35 copies of the element per haploid genome in most strains of S.cerevisiae (12) . However, the sequence family is heterogeneous (13) .As inferred mainly from restriction data, its members fall into two major classes (10, 13) , Tyl and Ty2.
Ty elements have been shown to be transcribed from a position some 240 bp into the left delta sequence resulting in a major transcript of ca. 5.7
kb and a minor transcript of ca. 5.0 kb (14) . Recently, evidence was presented that these transcripts are translated (15, 16) . One of the products was found to be a 50 Kd protein (16) . Very recently, it was shown that Ty also produces a fusion protein by a specific frameshift event that fuses 0RF1 to a second out-of-phase open reading frame (17) .
The transposition frequency of Ty and its expression have been found to be controlled by other genes, for example, the mating type configuration (18) or the genes defined by SPT mutations (19) . Furthermore, the type or extent of modulation which these elements exert on neighbouring genes has been shown to depend on the genetic background, for example the mating type (20) (21) (22) , certain STE genes (21) or certain SPT genes (23) (24) (25) .
In our studies on the genomic organisation of yeast tRNA genes we were able to show that Ty or singular delta elements are found affiliated with a number of different tRNA genes (26) . In fact, it appears that the majority of the yeast tRNA genes are accompanied by these (e.g. [27] [28] [29] The information on the location of the various restriction sites was used to construct several subclones of pY109 in pBR322, and to force-clone appropriate fragments in M13 vectors (34) for sequencing by the dideoxy nucleotide chain termination method (33) . The sequencing strategy is outlined in Fig.l . A short region (indicated in Fig.l) was also sequenced by the method of Maxam and Gilbert (35) . Multiple independent readings were performed from a number of points; 95% of the sequence was determined on both of the strands with different overlaps. The nucleotide sequence deduced in this way is presented in Fig.2 .
Internal organisation of the Ty element.
According to the general classification (10), Ty-pY109 is a typical member of the Tyl class. Several of the restriction sites common to these elements are conserved. The element has a length of 5912 bp, the two directly repeated delta elements are identical in sequence and 331 bp long.
The internal domain of the Ty element is 5250 bp long, with the first and last 5 bp (TGGTA) forming a direct repeat. A duplicated 5 bp target sequence (CGTAT) is found at the borders of the Ty. The delta elements of Ty-pY109 share the characteristics found for other delta elements that are constituents of Tys (e.g.15).
As observed for these "intact" delta elements (26) the sequence motif TGTTGG occurs as an inverted repeat 27 bp inside the other end of the delta. Identical or similar inverted repeats have been found at the ends of sigma (30) , tau (31), copia (39) , and SNV (40) . It may be noted that the portion of the internal domain of the Ty element present in pY5 (38) is identical to the sequence reported here; however, the flanking delta of Ty-pY5 has a different sequence.
Open reading frames and characteristics of the potential proteins.
As outlined in Fig.l The potential protein of 0RF2 has a calculated molecular weight of 151.1
Kd and is also polar. But in contrast to 0RF1, there is no pronounced segmentation with respect to amino acid composition. The most hydrophilic part is located around the middle of the sequence.
Sequence comparisons and specific sites in Ty-pY109.
We have performed an extensive computer search for specific sites in These findings, together with the significant amino acid sequence homologies we were able to detect, will be discussed below.
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Only one allele contains the Ty element.
Since the strain used in our studies is diploid, we wanted to determine whether or not both of the alleles harbor the Ty element at the given location. As depicted in Fig.3 , the 750 bp long unique HindlllxEcoRl fragment from pY109 cloned in pBR322 (Fig.l) was used to probe genomic blots obtained with four restriction enzymes. The hybridization pattern allows the interpretation that only the allele cloned in pY109 contains the Ty insertion, while the other allele is devoid of it. In the cases of BamHl and Hindlll, the larger bands can be attributed to the plus allele, the shorter bands to the minus allele. For EcoRl, only one band will be seen as the probe hybridizes to an EcoRl fragment lying outside the region of At present one can only speculate on functions of the Ty proteins, but the knowledge on the structure of these transposable elements will help in experiments on their functional analysis. Work is also in progress in our laboratory to determine the chromatin structure of Ty elements.
